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ALIGNMENT OF CERVICAL VERTEBRAE AND RELIABILITY OF
CEPHALOMETRIC MEASUREMENTS
Ece Agirgol, DDS, MS
University of Nebraska, 2021
Advisor: Peter J. Giannini, DDS, MS
Cervical vertebrae are in close relationship with dentofacial structures due to
their anatomical position. In previous studies, the inclination of cervical vertebrae was
measured by mostly Nasion-Sella line as the reference plane to evaluate the relationship
with dentofacial structures.
The aim of this study is to observe the correlation between cervical vertebrae
inclination and lateral cephalometric measurements. 124 lateral cephalograms taken in
Natural Head Position of subjects over 18 years of age were traced with Dolphin Imaging
Software 11.95 Premium. Cervical vertebrae inclination was measured by using the
lines passing from landmarks on second, third and forth cervical vertebrae. Correlation
analyses were utilized to detect association between cervical vertebrae and dentofacial
measurements.
Significant positive correlation was found between C2-C4 central inclination with
SNA, SNB, U1-SN in females. In Caucasians, C2-C4 central inclination was found to be
positively correlated to SNA, SNB and negatively correlated to age. C2-C3 posterior
inclination was found to be positively correlated with SNA in the non-Caucasian and
female groups. C3-C4 posterior inclination showed significant positive correlation with
FHMPA, U1-SN, U1-FH and significant negative correlation with interincisal angle in
females. In the Caucasian group, C3-C4 posterior inclination was found to be negatively

iv
correlated with age. In the non-Caucasian group, C3-C4 posterior inclination showed
significant positive correlation with IMPA and significant negative correlation with SNB,
interincisal angle and facial angle.
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CHAPTER 1- INTRODUCTION
Lateral cephalograms have had an important role in orthodontic diagnosis and
treatment planning since the introduction of lateral cephalograms to orthodontics by
Broadbent in 1931. In the past by hand tracing, and today mostly via different digital soft
ware programs, orthodontists pin point different anatomical landmarks in dentofacial
area. These digital soft ware programs measure the angles of intersecting lines that
pass from these landmarks. Cephalometric measurements reveal information about the
hard and soft tissue profile, position of the maxilla and mandible relative to each other
and relative to the cranial base and the position of teeth relative to the maxilla and
mandible. In addition to clinical examination, these measurements help clinicians
develop a more accurate diagnosis which leads to a better treatment.
The human vertebral column is composed of 4 segments and a total of 33
vertebrae (Figure 1.1) [1]. It has been hypothesized that a different developmental origin
for the upper and lower segments of the cervical column affects the cranio-cervical and
cranio-vertical posture[2]. The cervical spine is one of the 4 segments of the human
vertebral column, and it consists of 7 vertebrae. The first two vertebrae, C1 and C2,
have unique names; atlas and axis, respectively. In lateral cephalograms, it is difficult to
clearly visualize C1 clearly due to superimposition of the cranial base. The vertebrae
below C4 are rarely seen due to the wearing of a thyroid collar for X-ray protection from
radiation exposure. Today orthodontists mostly prefer the Cervical Vertebral Maturation
(CVM) method over hand-wrist radiographs for the detection of skeletal growth stage
based on the analysis of the second through fourth cervical vertebrae in a single lateral
cephalogram. Despite the advantage of less X-ray radiation exposure to patients, CVM
by itself is not considered as accurate. In addition to CVM, clinical examination and
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observation of secondary sexual characteristics are necessary for the determination of
peak of growth.
Cervical vertebrae, although not directly within the scope of orthodontics, are in
close relationship with dentofacial structures. The head and cervical portion of the
vertebral column form the cranial cervical mandibular system, which is comprised of
three main structures: TMJ, occipital atlas axis articulation, and the hyoid bone with its
suspensor system [3]. In previous studies, head posture (extension, flexion or natural
head position) and its effect on dentofacial structures, facial anatomy, craniofacial
growth, TMJ and airway space have been investigated.
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Figure 5.1 Sagittal view of human vertebral column.
Human vertebral column is composed of 4 segments and
total of 33 vertebrae

https://www.sciencedirect.com/topics/neuroscience/vertebral-column
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CHAPTER 2-LITERATURE REVIEW
2.1. Natural Head Position (NHP)
Cranio-cervical posture has been investigated in the literature in a
multidisciplinary way by experts in the field of Physical Therapy, Dentistry and Speech
Therapy [4]. Cephalostats are commonly used to stabilize the patients` head position
while taking the lateral cephalograms. Most orthodontists use the Frankfort Horizontal
Plane as a reference although it is not identical to the patients` natural head position
most of the time. The ideal is to have the lateral cephalogram taken at the patients`
natural head position. Downs, Moorrees and Bjerin introduced natural head position to
orthodontics in 1950s. It can be rephrased as self balance position. In the Solow and
Sandham study, 2 different mechanisms that describe head posture control were
explained [5]. Proprio-sensitive nerve inputs from muscles, tendons, joints and inner ear
balancing systems contribute to one of the mechanisms. The second mechanism is
called visual righting system which is self-adjusting of one`s posture when gazing at an
external object. In previous articles, different methods to achieve the natural head
position have been discussed; Mirror position [6], letting the patient tilt the head back
and forward [7], rasteorography [8], biophotogrammetric technique [4], a lighter
inclinometer with a pair of glasses [9], a contactless device with a precision
potentiometer[10], photographic superimposition method [11], V podolic stabilizer [12].
2.2. Effect on Temporomandibular joint (TMJ)
The TMJ is a ginglymoarthrodial joint and it is the only joint in the human body
that has solid end point, occlusion. The etiology of temporomandibular joint disorders
(TMD) has been a controversial subject. Psychological disorders, parafunctional habits,
occlusion and trauma are some of the factors that have been considered to cause TMD
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[13]. However, according to a review done by Mc Namara Jr, there is weak association
between occlusion and TMD [14].
The TMJ is in close relation with cervical vertebrae due to its anatomical position.
In previous studies, a small cranio-cervical angle was found to be related to reduced
backward displacement of the TMJ & a large cranio-cervical angle was related to large
backward displacement of the TMJ [15,16]. In the study done by Sonnesen et al.,
clicking and reduced mobility in children between 7 and 13 years of age; was associated
with a marked forward inclination of the upper cervical column and a marked increase in
the cranio-cervical angulation [17]. A previous study with a similar conclusion examined
specifically skeletal Cl II adult female subjects with or without TMD, higher CVT/EVT
angle (caused by backward inclination of the upper segment of the cervical column and
forward inclination of the lower segment of the cervical column) was found to be more
common in individuals without TMD than in individuals with TMD [18]. Paco et al.
investigated the effect of orthodontic treatment on cranio-cervical posture of patients with
temporomandibular disorders [19]. Comparison of pre-orthodontic and post-orthodontic
data showed that significant changes occurred in hyoid position and cranio-cervical
posture was observed to return to baseline values.
Gadotti et al. examined the effect of head and neck postures on masticatory
muscle activity in healthy individuals [20]. Electromyography (EMG) was used to analyze
the chewing activities of masseter and anterior temporalis muscles during chewing in
natural head posture (NHP) and maximum comfortable forward head posture (FHP). No
differences were found in muscle activity in natural head position. Increased activity was
observed for masseter and temporalis muscles during chewing in FHP.
Rocha et al. conducted a systemic review about the relationship between head
and neck posture and TMD [13]. Only 17 studies were included in that systemic review.
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Although 70.38% of the studies found a relationship between head and neck posture
and TMD, the authors concluded that the relationship between head and neck posture is
controversial and more studies are needed.
2.3. Effect on Dentofacial Structures
The effect of cervical vertebrae alignment and cranio-cervical posture aroused
curiosity in many orthodontists, which prompted investigation of the relationship with
dentofacial structures. The oldest studies about this subject in the orthodontic field were
done by Solow. Solow used 2 lines that were passing from the cervical vertebrae; the
first line was formed by the points CV2TG (most superior posterior point of odontoid
process) and CV2IP (most inferior posterior point of CV2) and the second line was
formed by points CV2TG and CV4IP (most inferior posterior point of CV4). The angles
formed by these lines and True Horizontal and Nasion-Sella lines, were used to analyze
the effect of cervical vertebrae alignment on dentofacial structures.
In the study done by Solow and Tallgren in 1977, anterior upper and lower
dentoalveolar heights and upper and lower occlusal planes showed positive correlation
with the cervical vertebrae inclination[6]. These positive correlations were considered as
a compensation for vertical jaw relationships. They also reported that cranio-cervical
angulation has no effect on sagittal jaw relationship and incisor inclination.
Solow and Nielsen conducted a longitudinal study where they observed children
with mean age of 9.5 years for a mean period of 2.5 years [15]. The superimposition of
digitized lateral cephalograms showed that a small cranio-cervical angle was related to
forward rotation of the mandible. In the study done by Ozbek et al. in 1993, authors
emphasized that an increase in inclination of the S-N reference line can cause
misinterpretation about the relationship between SNA, SNB, SNPg and cervical

7
inclination[21]. Patients with vertical cervical postures were found to have a prognathic
maxilla and mandible relative to nasion, prognathic mandible relative to the maxilla,
increase in posterior facial height relative to anterior facial height and anterior rotation
tendency of mandible.
Tng et al. examined 30 dry Chinese skulls and measured them rotated upwards
+ 10°, +20° and +30° and downwards - 10°, -20°, and -30° relative to the Frankfort
horizontal [22]. Authors stated that upward and downward rotation of the head produced
underestimations of SNA, SNB and SNPg by approximately 1°. SNB and SNPg showed
both statistical and clinical differences whereas SNA only showed a statistical difference
as the rotation of the skull increases.
Nik et al. stated that Cl II patients have a more increased MCA angle (Modified
Cervical Angle-the angle between OPT and CVT lines) and parameters ANB and Wits
have a positive correlation with cranio-horizontal angles [2]. In the review article by
Huggare, evidence was shown for an association of the prevalence of Angle Class II
malocclusions with hyperlordosis of the cervical spine and an increased risk of lateral
crossbite in children affected by scoliosis and torticollis [23]. In the study by Sambataro
et al., significant correlation was found between asymmetries in the transverse plane
and scoliosis in children in the mixed dentition phase[24]. Similar to this result, in another
study that observed a Saudi population, significant correlation between crossbite and
cranio-cervical angles was found; however the authors indicated that the CO-CR shift
may affect head posture, and that further studies are needed to reveal if a true
relationship exists [25].In another study, the effect on malocclusions on postural
problems were investigated as well [26].The relationship between the potential
association of leg length inequality and posterior crossbite in young adolescents was
investigated. Results showed that unilateral posterior crossbite is not associated with leg
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length inequality. In the overview article about dental occlusion and posture, the authors
concluded that it is not advisable to perform orthodontic treatment or occlusal
adjustments to treat postural imbalances [27].
Segatto et al. studied the relationship between body posture and dentofacial
structures of children and adolescents [8]. The cervical column was investigated in 3
parts by using a 3D method, rasterstereography (Figure 2.1). Rasterstereographical
measurements in the sagittal plane were included; fl`eche lombaire, fl`eche cervicale
and trunk inclination (Figure 2.2). Lip protrusion was found to be correlated with trunk
inclination and fl`eche lombaire, whereas +1/A-Pg showed a strong correlation with trunk
inclination and the interincisal angle with fl`eche lombaire. Correlation between trunk
inclinations and U1/A-Pg, lip protrusion, anterior cranial length and ramus height were
found to be significant. Fl`eche cervicale was not significantly correlated with any of the
variables. Fl`eche lombaire was found to be in significant correlation with the interincisal
angle and lip protrusion.
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Figure 6.1 Rasterstereography. 3D method to clinically evaluate spinal column
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Figure 2.2 Rastersteographical measurements in sagittal plane. (a) fl`eche lombaire and
fl`eche cervicale are measured as the distance between the deepest point of cervical and lumbar
spine to the Plumb line. (b) Trunk inclination is the angle between VP-SI and Plum lines.
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In the study done by Solow and Sonnesen in 1998, significant correlation was
found between cranio-cervical angle and anterior crowding in children aged 7-13 [28].
The children with more than 2 mm in upper and lower anterior crowding had larger
cranio-cervical angles than the children without anterior crowding. No significant relation
was found between anterior spacing and cranio-cervical angulation. Pachi et al.
examined subjects between ages 12-18 with permanent dentition [3]. The results
showed that the subjects who have more than 2 mm crowding, have 5-6° larger craniocervical angles than the subjects with less than 2 mm crowding. Another finding in the
same study was that subjects with less crowding were observed to have mean craniohorizontal angles (CVT/Hor, OPT/Hor) 4° greater than the subjects without crowding. In
the study of the Saudi population, head posture was correlated with only maxillary arch
crowding [25]. The authors also observed strong correlation with Class II malocclusion
wand cranio-vertical and cervico-horizontal angles compared to Cl I and Cl III
malocclusions. In a previous study, positive correlation was found between craniocervical angle and lower midline [23]. D’Attilio et al. demonstrated correlation among
cervical curvature, mandible length and overjet in a comparison of female subjects with
and without TMD [18].
2.4. Effect on Airway
Obstructive sleep apnea (OSA) is a common chronic sleep-related breathing
disorder characterized by repetitive upper airway collapse during sleep, which causes
sleep fragmentation, oxygen desaturation, and excessive daytime sleepiness [29].
Changes in head posture are known to affect the upper airway [30–34]. In previous
studies, either lateral cephalograms or CBCT were used for the investigation of the
relationship between upper cervical posture and sleep apnea. In lateral cephalograms,
the airway measurement may only be measured in two dimensions. CBCT offers a three
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dimensional view of the airway which gives more accurate information about the volume,
anatomy or the region where blockage occurs, etc.
In a previous study, the relationship between cervical posture and
anteroposterior airway dimension in adult patients was investigated via lateral
cephalograms [31]. Significant positive correlation was observed between cranio-cervical
inclination and cross section of free airway at the level of CV4. Increased cranio-cervical
inclination was found to result in greater distance from the hyoid bone to the anterior
cranial base. In a previous study, lateral cephalograms and rhinomanometric recordings
from twenty-four children between 7 and 9 years of age were examined [35]. Obstructed
nasopharyngeal airways were found to be correlated with a large cranio-cervical angle.
In studies done in OSA patients, extended posture of the head and forward inclination of
cervical column was observed [33,36]. Solow explained this situation as a compensatory
mechanism to increase airway dimension [33]. Similar to these results, in the study by
Ansar et al., smaller nasopharyngeal and oropharyngeal airways were observed in
patients with large cranio-cervical inclination [37].
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2.5. Effect on Facial Types
In anthropometry, there have been different indexes used to classify the
craniofacial complex. These indexes were created according to the measurements done
on human skulls. The 2 most common indexes are; cranial index and facial index.
Cranial index classifies the skull as brachycephalic, mesocephalic and dolichocephalic.
Whereas, the facial index classifies the face as euprosopic, mesoprosopic and
leptoprosopic (Figure 2.3). In orthodontics, terms of cranial index are widely used. In
frontal (coronal) view, vertically the face is divided into 3 segments. The upper facial
height is measured from trichion to glabella, the middle facial height is measured from
glabella to the subnasale and finally the lower facial height is measured from subnasale
to soft tissue menton (Figure 2.4). If the subject has normal facial height, it is called
mesocephalic. If the subject has short or long facial heights, the terms brachycephalic
and dolichocephalic are used respectively.
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Figure 2.3 Facial index. From left to right; euprosopic, mesoprosopic and leptoprosopic faces.

https://www.scielo.br/j/dpjo/a/Ysjy9xVxQJbNTQNb3wy3YkQ/?lang=en#ModalFigf02
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Figure 2.4 Vertical thirds of face in coronal view

Milutinovic J, Zelic K, Nedeljkovic N. Evaluation of facial beauty using
anthropometric proportions. ScientificWorldJournal. 2014 Feb 20;2014:428250. doi:
10.1155/2014/428250. PMID: 24701166; PMCID: PMC3951104.
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In previous studies, besides dentofacial structures and airway, the relationship
between cranio-cervical angle and facial types was observed. The subjects with a short
brachycephalic face were observed to have usually a backwardly inclined cervical
column (small craniocervical angle) and in patients with a long dolichocephalic face,
commonly a decreased cervical column curvature (large craniocervical angle) was noted
(Figure 2.5) [2,5,38,39]. Alkofide et al., stated that extended cranio-cervical posture
causes increased anterior facial height and steeper inclination of the mandible [25].
Supporting this result, in the study by Ozbek et al. an increase in posterior facial height
relative to anterior facial height and anterior rotation tendency of the mandible were seen
in the subjects with vertical cervical postures compared to forward cervical postures [21].
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Figure 2.5 Cranio-cervical angle and mandibular growth direction relationship. (a) Small
craniocervical and forward rotation of mandible, (b) Large cranio-cervical angle and vertical
growth of mandible.

Solow B, Sandham A. Cranio-cervical posture: A factor in the development and function of the
dentofacial structures. European Journal of Orthodontics 2002;24.
https://doi.org/10.1093/ejo/24.5.447.
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2.6. Soft Tissue Stretching Hypothesis
In the study done by Solow and Kreiborg in 1977, soft tissue stretching was
explained as a control factor in craniofacial morphogenesis [39]. According to the soft
tissue stretching theory, head posture and craniofacial morphogenesis have reciprocal
effect on each other. Although head posture may affect facial morphology, it does not
imply that morphology does not influence head posture. Inadequate airway space can
affect the subject`s head posture which can affect the craniofacial skeleton. Another
example given by the authors is the posterior location of the tongue due to condylar
hypoplasia affecting the mandibular growth.
In Figure 2.6, the 6 point affecting the cycle for craniofacial morphology are
shown. Each of these 6 points can initiate this cycle. Sutural growth disorders, condylar
growth disorders, discrepancy between the vertical components of condylar and cervical
vertebral growth, adenoid tissues, perennial allergic conditions, disturbances in the
visual, proprioceptive, utricular or semicircular canal systems, cervical spine anomalies,
and scar tissues were the examples given as possible initiators.
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Figure 2.6 Soft-tissue stretching hypothesis

SOLOW B, KREIBORG S. Soft‐tissue stretching: a possible control factor in craniofacial
morphogenesis. European Journal of Oral Sciences 1977;85. https://doi.org/10.1111/j.16000722.1977.tb00587.x.
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2.7. Method of Cervical Vertebrae Inclination Measurement
In the orthopedic field, measurement of the curvature of the spinal column was
needed to differentiate between normal and pathology, to monitor the progression of the
deformity or to plan the surgical procedure [40]. Besides 2D imaging methods, CT and
MRI were used to analyze the spinal curvature. Radiographs are taken in axial, sagittal
or frontal planes depending on the method to be used.
In the orthopedic field, different methods have been used to measure vertebrae
curvature (Figure 2.7). The Ferguson method uses the intersection angle of the two lines
passing through the centers of vertebrae from the most superior to inferior ends [41]. In
the Cobb method, deformity is measured by the angle between the two straight lines that
are tangent to the superior border of the superior end vertebrae and the inferior border of
the inferior end vertebrae [42]. These two methods are considered as unreliable;
however they can still be used for severe spinal curvatures. The Greenspan index as a
more precise method can provide analysis of short span vertebrae by enabling
measurement of deformity at individual vertebrae [43]. In the Diab et. al method, the
angle of deformity is measured via the intersection angle of lines passing from the
centers of superior and inferior end vertebrae and the center of the apical vertebra [44].
Unlike the previous methods, this method takes into consideration the position of the
apical vertebra in addition to the end vertebrae. In the centroid method, the centers of
two most superior and two most inferior vertebrae are calculated. The intersection angle
of the lines passing through the superior and inferior centers was used as the deformity
angle. This method was found to be strongly correlated with the Cobb angle [40].
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Figure 2.7 Different methods to measure spinal column curvature in coronal view. (a)
Ferguson method, (b) Cobb method, (c) Greenspan Index, (d) Diab et al. method, (e) Centroid
method

Vrtovec T, Pernuš F, Likar B. A review of methods for quantitative evaluation of spinal curvature.
European Spine Journal 2009;18. https://doi.org/10.1007/s00586-009-0913-0.
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In the orthodontic field, cervical vertebrae inclination was mostly measured with
three angles; relative to Nasion-Sella Line (NSL) named as cranio-cervical angles
(NSL/OPT, NSL/CVT), relative to an environmentally determined true horizontal named
as cervico-horizontal angles (OPT/HOR, CVT/HOR) and relative to environmentally
determined vertical line named as cranio-vertical angles (NSL/VER, NL/VER)
[5,6,15,21,25] (Figure 2.8). The OPT line is the posterior tangent to the odontoid process
that passes through CV2IP. The CVT line is the posterior tangent to the odontoid
process that passes through CV4IP.
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Figure 2.8 Measurements of cervical vertebrae inclination in sagittal plane. (a) Craniocervical angle, (b) Cranio-horizontal angle, (c) Cranio-vertical angle

Solow B, Sandham A. Cranio-cervical posture: A factor in the development and function of the
dentofacial structures. European Journal of Orthodontics 2002;24.
https://doi.org/10.1093/ejo/24.5.447.
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In the study by Tahara et al., the curvature of cervical vertebrae was observed in
8020 Japanese individuals with lateral cephalograms [45]. The authors examined the
curvature of cervical vertebrae from C2 to C6. The distance from the mid point of each
cervical vertebrae to CV line (the posterior tangent to the odontoid process through
CV6IP) was determined. Clinical classification by Imai was used for data interpretation.

Figure 2.9 Imai classification for cervical spine curvature

Tahara R, Motegi E, Nomura M, Tsuchiya Y, Shino T, Inoue E, et al. Curvature of cervical vertebra
in 8020 achievers observed by lateral cephalogram. The Bulletin of Tokyo Dental College
2008;49. https://doi.org/10.2209/tdcpublication.49.15.
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CHAPTER 3-MATERIALS & METHODS
3.1. IRB Approval
The University of Nebraska Medical Center Institutional Review Board (IRB)
decided that this study does not need IRB approval due to all the lateral cephalograms
being deidentified.
3.2. Patient selection
In this retrospective study, 124 deidentified lateral cephalograms from 78 female
and 46 male individuals were included. All of the lateral cephalograms were taken on the
Planmeca Promax Dimax3 machine in Dr. Rebecca Hohl`s private office between 20162021. All of the patients included in this study were over 18 years of age. All lateral
cephalograms were taken in natural head position (NHP) which was achieved by asking
the patient to look at themselves in a mirrow at their self adjusted position. The
measuring stick which rests near the nasion area was used to stabilize the head
position. All of the cephalograms were taken in maximum intercuspation. Lateral
cephalograms not covering C2, C3 and C4, patients with a history of facial and/or craniocervical trauma or fracture involving C2,C3 and C4, patients with symptoms in the head
and neck area (pain, mass, difficulty in gripping or lifting objects, difficulty in moving the
neck, crepitation sound, jaw lock, limited mandibular movement etc.), patients with
musculoskeletal deformities (scoliosis, congenital bone malformation, patients with a
presence of pathologic or arthritic changes, -etc.) and patients who had previous
orthodontic treatment were not included in this study.
3.3. Cephalometric Analysis
One observer traced all the craniofacial landmarks by using Dolphin Imaging
Software 11.95 Premium. SNA, SNB, ANB, Wits, Maxillary Depth (FH-NA), Facial Angle
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(FH-NPg), FHMPA, SN-GoGn, U1-SN, U1-FH, IMPA, Interincisal Angle, Overjet and
Overbite were measured. Witts in two individuals and overbite in three individuals were
missing due to insufficient landmarks defining the occlusal plane. For cervical vertebrae
landmarks and angles, Dolphin developers were asked to develop a custom analysis.
Most superior (S), most posterior-superior (SP), most inferior-posterior (IP) and inferior
deepest (ID) points of C2, most posterior-superior (SP), most inferior-posterior (IP) and
inferior deepest (ID) of C3 and most posterior-superior (SP), most inferior-posterior (IP)
and inferior deepest (ID) points of C4 were added in the software. Three cervical
vertebrae angles, C2-C4 central inclination, C2-C3 posterior inclination and C3-C4
posterior inclination were obtained by intersection of the lines; C3SP-C3IP and C4SPC4IP, C2S-C2ID and C3ID-C4ID, C2SP-C2IP and C3SP-C3IP, respectively (Figure
3.1). The angles were not measured as absolute values. If the angle is below this “base”
line then the angle is given a negative value, if the angle is above this “base” line then
the angle is given a positive value (Figure 3.2).
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Figure 7.1 Cervical vertebrae inclination measurements. From left to right; C2-C4 central
inclination angle, C2-C3 posterior inclination angle, C3-C4 posterior inclination angle
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Figure 3.2 Understanding of positive and negative angles. Red is a positive angle, blue is a
negative angle.
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3.4. Intra-Grader Reliability
The same observer traced 20% of the lateral cephalograms ten days after the
initial tracing. Paired t-test between the first and second measurements was performed
for all the measured variables. This statistical test was implemented using PROC TTEST
from SAS Software, version 9.4 of the SAS System for Windows. This test tells whether
the two measurements are different on average with each other. A non-significant result
of the paired t-test implies that the measurements are comparable while a significant
result implies that the two measurements were different.
3.5. Correlation Analysis
The Spearman correlation coefficient 𝜌 was used to analyze the association of
the cervical vertebrae angles with craniofacial cephalometric measurements. A positive
value for these coefficients implies that the two variables are positively associated. A
negative value of 𝜌 implies that the two variables are inversely associated. This analysis
was implemented using PROC CORR from SAS Software, version 9.4 of the SAS
System for Windows. Analysis was performed with and without categorizing the samples
according to gender and ethnicity. Data was analyzed by the statistics PHD student
Miguel Fudolig.

CHAPTER 4- RESULTS
4.1. The overall sample
Higher C2-C4 central, C2-C3 posterior and C3-C4 posterior inclinations were
found to be common aspects in individuals with straight to more forward cervical
vertebrae inclination (Figures 4.1 and 4.2). According to the correlation of overall sample
with the cervical vertebrae angles as shown in Table 4.1 , C2-C4 central inclination was
found to be positively correlated with SNA (𝜌=0.251, p-value = 0.0050), SNB (𝜌=0.228,
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p-value = 0.011), and U1-SN (𝜌=0.212, p=0.02) (Figures 4.3-4.5). Craniofacial
measurements that had positive relationship with C2-C3 posterior inclination were SNA
(𝜌=0.274, p=0.002) and SNB (𝜌=0.187, p=0.04) (Figures 4.6 and 4.7). C3-C4 posterior
inclination showed positive correlations with FHMPA (𝜌=0.185, p=0.04), U1-SN
(𝜌=0.215, p=0.016), and U1-FH (𝜌=0.206, p=0.02); however it exhibited negative
correlations with interincisal angle (𝜌=−0.278, p = 0.002) and age (𝜌=−0.212, p = 0.02)
(Figures 4.8-4.12).

Figure 4.1 Forward inclined cervical
vertebrae. Higher C2-C4 Central, C2C3 Posterior and C3-C4 Posterior
Inclinations compared to individuals
with backward inclined cervical
vertebrae.

Figure 8.2 Backward inclined cervical
vertebrae. Lower C2-C4 Central, C2-C3
Posterior and C3-C4 Posterior
Inclinations compared to individuals with
forward inclined cervical vertebrae.
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Table 4.1. Overall Sample Correlation
Spearman Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

SNA

SNB

ANB

Wits

Maxillary depth (mm)

Facial Angle (°)

FHMPA (°)

SN-GoGn (°)

C2-C4 Central

C2-C3 Posterior

C3-C4 Posterior

Inclination (°)

Inclination (°)

Inclination (°)

0.25085

0.27360

0.05436

0.0050

0.0021

0.5487

124

124

124

0.22836

0.18703

0.00237

0.0107

0.0375

0.9792

124

124

124

0.02900

0.11637

0.09214

0.7492

0.1981

0.3088

124

124

124

-0.11563

-0.00272

-0.16813

0.2047

0.9763

0.0642

122

122

122

0.06725

0.06806

0.02087

0.4580

0.4526

0.8180

124

124

124

0.01386

-0.02380

-0.09070

0.8785

0.7930

0.3164

124

124

124

0.06989

0.02157

0.18469

0.4405

0.8120

0.0400

124

124

124

-0.03009

-0.07798

0.16265

0.7401

0.3893

0.0711
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U1-SN (°)

U1-FH (°)

IMPA (°)

Interincisal Angle (°)

Overjet (mm)

Overbite (mm)

Age

124

124

124

0.21220

0.07953

0.21504

0.0180

0.3799

0.0165

124

124

124

0.11407

-0.02345

0.20606

0.2071

0.7960

0.0217

124

124

124

0.04194

0.08176

0.10809

0.6437

0.3667

0.2321

124

124

124

-0.11728

-0.05377

-0.27759

0.1946

0.5531

0.0018

124

124

124

-0.00912

-0.03031

-0.01855

0.9209

0.7414

0.8399

121

121

121

-0.12546

0.03033

-0.16903

0.1703

0.7412

0.0638

121

121

121

-0.11991

0.03092

-0.21203

0.1847

0.7332

0.0181

124

124

124
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Figure 4.3 SNA and C2-C4 central inclination correlation

Figure 4.4 SNB and C2-C4 central inclination correlation
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Figure 4.5 U1SN and C2-C4 Central Inclination Correlation

Figure 4.6 SNA and C2-C3 Posterior Inclination Correlation
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Figure 4.7 SNB and C2-C3 Posterior Inclination Correlation

Figure 4.8 FHMPA and C3-C4 Posterior Inclination Correlation
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Figure 4.9 U1-SN and C3-C4 Posterior Inclination Correlation

Figure 4.10 U1-FH and C3-C4 Posterior Inclination Correlation
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Figure 4.11 Interincisal Angle and C3-C4 Posterior Inclination
Correlation

Figure 4.12 Age and C3-C4 Posterior Inclination Correlation
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4.2. Correlation By Gender
The C2-C4 central inclination angle for female individuals was observed to be
significantly correlated with the SNA (𝜌=0.307, p-value=0.006), SNB (𝜌=0.240, p=0.035),
and U1-SN (𝜌=0.236, p=0.04) (Figures 4.13, 4.14, 4.16). The C2-C3 posterior inclination
angle for female individuals was correlated only with the SNA (𝜌=0.281, p-value=0.01)
(Figure 4.17). No statistically significant association was found between C2-C3 and the
rest of the craniofacial measurements. The C3-C4 posterior inclination angle was found
to be positively correlated with FHMPA (𝜌=0.223, p-value=0.049), U1-SN (𝜌=0.280, pvalue=0.01) and U1-FH (𝜌=0.276, p-value=0.01) but negatively correlated with the
interincisal angle (𝜌=-0.405, p-value=0.0002) in female group (Figures 4.20-4.23).
In the group of male patients, no statistically significant correlation was observed
between the cervical vertebral angles with the craniofacial measurements at the 0.05
level.
4.3. Correlation By Ethnicity
For the Caucasian group, the C2-C4 central inclination angle was found to be
positively correlated with SNA (𝜌=0.192, p-value=0.045) and SNB (𝜌=0.284, pvalue=0.01) (Figures 4.13- 4.14). This shows that higher measurements for SNA and
SNB translates to a higher C2-C4 angle. Negative correlation was found between C2-C4
central inclination angle and age (𝜌= -0.227, p-value=0.046) (Figure 4.15). No
craniofacial measurements were found to be significantly correlated with C2-C3 and C3C4 posterior inclination angles. However, C3-C4 posterior inclination angle was
observed to be negatively correlated with age (𝜌=-0.315, p-value=0.053) in the
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Caucasian group (Figure 4.24). This shows that younger Caucasians are more likely to
have a higher C3-C4 posterior inclination angle.
For the non-Caucasian group, the C2-C3 posterior inclination angle showed a
correlation with SNA (𝜌=0.378, p-value=0.01) (Figure 4.17) while the C3-C4 posterior
inclination angle was found to be negatively correlated with interincisal angle (𝜌=-0.420,
p-value = 0.003) (Figure 4.23), facial angle ((𝜌=-0.031, p-value=0.032) (Figure 4.19) and
SNB (𝜌=-0.297, p-value=0.04) (Figure 4.18) and positively correlated with IMPA
(𝜌=0.297, p-value=0.04) (Figure 4.25). There was no evidence of any correlation
between C2-C4 central inclination angle and craniofacial measurements. However, we
must be careful about interpreting these results because it might be confounded by a
specific ethnicity (Asian, African American, Hispanic).
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Table 4.2. Correlation by Gender. Gender=Female
Spearman Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

SNA

SNB

ANB

Wits

Maxillary depth (mm)

Facial Angle (°)

FHMPA (°)

SN-GoGn (°)

C2-C4 Central

C2-C3 Posterior

C3-C4 Posterior

Inclination (°)

Inclination (°)

Inclination (°)

0.30712

0.28133

0.02771

0.0062

0.0126

0.8097

78

78

78

0.23977

0.19596

-0.05801

0.0345

0.0855

0.6139

78

78

78

0.04403

0.07831

0.11898

0.7019

0.4955

0.2995

78

78

78

-0.07928

-0.02855

-0.17353

0.4902

0.8040

0.1287

78

78

78

0.07806

-0.02855

0.02812

0.4970

0.8040

0.8069

78

78

78

-0.01693

-0.01458

-0.12429

0.8830

0.8992

0.2783

78

78

78

0.17222

0.08594

0.22314

0.1316

0.4544

0.0496

78

78

78

0.06546

-0.00694

0.21260

0.5691

0.9519

0.0617
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U1-SN (°)

U1-FH (°)

IMPA (°)

Interincisal Angle (°)

Overjet (mm)

Overbite (mm)

Age

78

78

78

0.23619

0.13308

0.27975

0.0374

0.2454

0.0131

78

78

78

0.11332

0.00849

0.27597

0.3232

0.9412

0.0145

78

78

78

-0.00848

0.07918

0.07189

0.9413

0.4907

0.5317

78

78

78

-0.18746

-0.12680

-0.40470

0.1003

0.2686

0.0002

78

78

78

-0.04205

-0.07090

0.04450

0.7165

0.5400

0.7008

77

77

77

-0.12662

0.03630

-0.19507

0.2725

0.7539

0.0891

77

77

77

-0.08912

-0.03708

-0.18228

0.4378

0.7472

0.1102

78

78

78
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Table 4.3. Correlation by Gender. Gender= Male
Spearman Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

SNA

SNB

ANB

Wits

Maxillary depth (mm)

Facial Angle (°)

FHMPA (°)

SN-GoGn (°)

C2-C4 Central

C2-C3 Posterior

C3-C4 Posterior

Inclination (°)

Inclination (°)

Inclination (°)

0.15532

0.24936

0.07335

0.3027

0.0947

0.6280

46

46

46

0.12941

0.13744

0.09803

0.3914

0.3624

0.5169

46

46

46

0.07518

0.24667

0.04875

0.6195

0.0984

0.7477

46

46

46

-0.17913

0.02993

-0.11885

0.2446

0.8471

0.4423

44

44

44

0.02280

0.09501

-0.00799

0.8805

0.5300

0.9580

46

46

46

-0.01832

-0.07076

-0.06291

0.9038

0.6403

0.6779

46

46

46

-0.04543

-0.01450

0.14175

0.7643

0.9238

0.3474

46

46

46

-0.09320

-0.14619

0.12947

0.5378

0.3323

0.3912
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U1-SN (°)

U1-FH (°)

IMPA (°)

Interincisal Angle (°)

Overjet (mm)

Overbite (mm)

Age

46

46

46

0.19025

-0.00210

0.11001

0.2054

0.9890

0.4667

46

46

46

0.14445

-0.07075

0.09161

0.3382

0.6404

0.5449

46

46

46

0.28409

0.16308

0.16252

0.0557

0.2788

0.2805

46

46

46

-0.21050

-0.05662

-0.16137

0.1603

0.7086

0.2840

46

46

46

0.05490

0.06792

-0.14910

0.7234

0.6613

0.3341

44

44

44

-0.04526

0.04040

-0.12287

0.7705

0.7946

0.4269

44

44

44

-0.10100

0.21385

-0.26944

0.5042

0.1536

0.0702

46

46

46

45
Table 4.4. Correlation by Ethnicity. Ethnicity=Caucasian
Spearman Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

SNA

SNB

ANB

Wits

Maxillary depth (mm)

Facial Angle (°)

FHMPA (°)

SN-GoGn (°)

C2-C4 Central

C2-C3 Posterior

C3-C4 Posterior

Inclination (°)

Inclination (°)

Inclination (°)

0.22875

0.13351

0.12778

0.0454

0.2470

0.2681

77

77

77

0.28408

0.15169

0.15742

0.0123

0.1879

0.1715

77

77

77

-0.01636

0.02848

0.02589

0.8877

0.8058

0.8231

77

77

77

-0.10765

0.07149

-0.21045

0.3547

0.5394

0.0680

76

76

76

0.08682

-0.00759

0.05297

0.4528

0.9478

0.6473

77

77

77

0.08893

0.02895

0.03653

0.4418

0.8026

0.7524

77

77

77

0.03273

-0.07378

0.12724

0.7775

0.5236

0.2702

77

77

77

-0.06185

-0.11779

0.07082

0.5931

0.3076

0.5405

77

77

77

46

U1-SN (°)

U1-FH (°)

IMPA (°)

Interincisal Angle (°)

Overjet (mm)

Overbite (mm)

Age

0.17559

-0.03870

0.19605

0.1266

0.7383

0.0875

77

77

77

0.08247

-0.09697

0.13428

0.4758

0.4015

0.2443

77

77

77

-0.12922

-0.08890

-0.03997

0.2627

0.4420

0.7300

77

77

77

0.04645

0.17173

-0.13854

0.6883

0.1353

0.2295

77

77

77

-0.03700

-0.12762

-0.05326

0.7526

0.2752

0.6500

75

75

75

-0.05691

0.05624

-0.09266

0.6277

0.6317

0.4291

75

75

75

-0.22755

-0.00245

-0.31503

0.0466

0.9832

0.0053

77

77

77

47
Table 4.5. Correlation by Ethnicity. Ethnicity= Non-Caucasian
Spearman Correlation Coefficients
Prob > |r| under H0: Rho=0
Number of Observations

SNA

SNB

ANB

Wits

Maxillary depth (mm)

Facial Angle (°)

FHMPA (°)

SN-GoGn (°)

C2-C4 Central

C2-C3 Posterior

C3-C4 Posterior

Inclination (°)

Inclination (°)

Inclination (°)

0.13360

0.37798

-0.21165

0.3707

0.0088

0.1532

47

47

47

0.07207

0.20326

-0.29699

0.6302

0.1706

0.0426

47

47

47

0.09305

0.20215

0.18288

0.5339

0.1730

0.2185

47

47

47

-0.05308

-0.08081

0.01551

0.7261

0.5934

0.9185

46

46

46

-0.11434

0.07959

-0.15423

0.4441

0.5949

0.3006

47

47

47

-0.10989

-0.10776

-0.31208

0.4621

0.4709

0.0327

47

47

47

-0.00671

0.07078

0.21472

0.9643

0.6364

0.1472

47

47

47

-0.09675

-0.14204

0.28425

0.5177

0.3409

0.0528

47

47

47

48

U1-SN (°)

U1-FH (°)

IMPA (°)

Interincisal Angle (°)

Overjet (mm)

Overbite (mm)

Age

0.06893

0.14717

0.09709

0.6453

0.3235

0.5162

47

47

47

0.02102

0.02157

0.20590

0.8885

0.8856

0.1650

47

47

47

0.25559

0.26033

0.29666

0.0829

0.0772

0.0429

47

47

47

-0.15075

-0.25272

-0.42010

0.3118

0.0866

0.0033

47

47

47

0.09061

0.13121

0.07487

0.5493

0.3847

0.6210

46

46

46

-0.09874

0.08965

-0.20096

0.5138

0.5535

0.1805

46

46

46

0.20189

0.24962

0.07495

0.1735

0.0906

0.6166

47

47

47
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Figure 4.13 SNA and C2-C4 Central Inclination Correlation with Gender and Ethnicity
Subcategories
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Figure 4.14 SNB and C2-C4 Central Inclination Correlation with Gender and Ethnicity
Subcategories
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Figure 4.15 SNB and C2-C4 Central Inclination Correlation with Gender and Ethnicity
Subcategories
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Figure 4.16 U1-SN and C2-C4 central Inclination Correlation with Gender and Ethnicity
Subcategories.
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Figure 4.17 SNA and C2-C3 Posterior Inclination Correlation with Gender and
Ethnicity Subcategories
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Figure 4.18 SNB and C3-C4 Posterior Inclination Correlation with Gender and Ethnicity
Subcategories
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Figure 4.19 Facial Angle and C3-C4 Posterior Inclination Correlation with Gender and
Ethnicity Subcategories

56

Figure 4.20 FHMPA and C3-C4 Posterior Inclination Correlation with Gender and
Ethnicity Subcategories

57

Figure 4.21 U1-SN and C3-C4 Posterior Inclination Correlation with Gender and
Ethnicity Subcategories
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Figure 4.22 U1-FH and C3-C4 Posterior Inclination Correlation with Gender and Ethnicity
Subcategories
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Figure 4.23 Interincisal Angle and C3-C4 Posterior Angle Inclination Correlation
with Gender and Ethnicity Subcategories
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Figure 4.24 Age and C3-C4 Posterior Inclination Correlation with Gender and Ethnicity
Subcategories

61

Figure 4.25 IMPA and C3-C4 Posterior Inclination with Gender and Ethnicity
Subcategories
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CHAPTER 5-DISCUSSION
5.1. Method of Error
The same observer traced 20% of the lateral cephalograms ten days after the
initial tracing. Paired t-test between the first and second measurements was performed
for all the variables. No significant difference was observed between first and second
tracings in cervical vertebrae and dentofacial measurements.

Table 5.1. IRR for Cervical Vertebrae Measurements
Cervical vertebrae

Mean

Standard

Minimum

Maximum

P value

measurements

Difference

deviation

C2-C4 central

-0.0440

0.8680

-1.7

1.3

0.8021

0.0240

0.6437

-1.1

1.3

0.8537

-0.1880

0.7688

-2.2

1.5

0.2333

inclination (°)
C2-C3 posterior
inclination (°)
C3-C4 posterior
inclination (°)

Table 5.2. IRR for Craniofacial Measurements
Craniofacial

Mean

Standard

Minimum

Maximum

P value

measurements

Difference

deviation

SNA (°)

-0.132

1.047

-1.9

2.3

0.5344

SNB (°)

-0.002

1.113

-2

2.7

0.9151

ANB (°)

-0.096

0.5381

-1.6

0.8

0.3812

Wits (mm)

0.104

0.73

-1.1

1.6

0.4831

Maxillary depth (°)

-0.112

0.6167

-1.1

1

0.3728

Facial Angle (°)

-0.192

0.6794

-1.4

1.5

0.1705
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FHMPA (°)

0.136

0.7158

-1.4

1.4

0.3516

SN-GoGn (°)

-0.2040

1.5334

-2.6

2.9

0.5123

U1SN (°)

-0.1480

1.3048

-2.6

2.4

0.5759

U1FH (°)

-0.224

0.81

-1.5

1.2

0.1795

IMPA (°)

0.296

0.8739

-2

1.5

0.1033

Interincisal Angle (°)

-0.176

1.2049

-2.2

2.2

0.4723

Overjet (mm)

-0.1417

0.4127

-0.8

0.6

0.1062

Overbite (mm)

-0.0292

0.4418

-1

0.8

0.7493

5.2. Categorization of the Sample
In this study, only patients above 18 years of age were included. The rationale for
this is that the skeletal maturation is mostly complete and the natural cranio-cervical
posture has mostly stabilized. In addition to gender, patients were grouped as
Caucasian and non-Caucasian groups. The non-Caucasian group consists of African
American, Hispanic and Asian individuals. The dental office which provided the lateral
cephalograms for this study is, located in an area with a primarily Caucasian population.
African-American, Asian and Hispanic individuals were less in number compared to
Caucasian patients. That is the reason why their data were consolidated and analyzed
under the non-Caucasian group.
5.3. Method of Cervical Vertebrae Inclination Measurement
In the orthodontic field, curvature of cervical vertebrae has been investigated in
the sagittal plane due to lateral cephalograms being commonly taken for orthodontic
diagnosis and treatment planning. In the majority of previous orthodontic studies related
to cervical vertebrae inclination, cranio-cervical angles (NSL/OPT, NSL/CVT), cervicohorizontal angles (OPT/HOR, CVT/HOR) and cranio-vertical angles (NSL/VER, NL/VER)
have been used [5,6,15,21,25,28]. When evaluating these studies, it should be
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considered that the reference planes may have an effect on the angles of cervical
vertebrae inclination. As an example, when NSL is selected as a reference line, the
position of sella and nasion will affect the NSL/OPT and NSL/CVT angles. In this study,
in order to overcome this possibility, cervical vertebrae inclination was measured by
using the landmarks solely on C2, C3 and C4.
5.4. Correlation of Cervical Vertebrae Alignment with Dental Measurements
In this study, strong positive correlation was found between C3-C4 posterior
inclination and U1-SN, U1-FH; however strong negative correlation was observed
between C3-C4 posterior inclination and interincisal angle. Alkofide et al. investigated
the relationship of head posture with malocclusion in a Saudi population with an age
range of 12-22 years [25]. A significant correlation was found between cranio-vertical
angles NSL/VER and overjet, regardless of gender and age. Authors also reported that
Cl II malocclusion showed more correlation with cervico-horizontal and cranio-vertical
angles compared to other classes of malocclusion.
5.5. Correlation of Cervical Vertebrae Alignment with Skeletal Measurements
In this study, forward inclination of the cervical vertebrae was found to be a
common factor in the samples with higher C2-C4 central, C2-C3 and C3-C4 posterior
inclination angles. In analysis of overall sample, as the C2-C4 central inclination or C2C3 posterior inclination increases, statistically significant increase was observed in SNA
and SNB parameters.
In the study done by Tng et al., statistically significant changes in SNA, SNB and
SNPg were observed when Chinese skulls were rotated upward and downward 10°, 20°
and 30° relative to the Frankfort Horizontal Plane [22]. However no information was
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provided about the increase or decrease of the values relative to positive or negative
rotation of the skull.
Ozbek et al. investigated correlation of dentofacial parameters with cervical
column inclination (OPT.HOR and CVT.HOR) , cranio-vertical and cranio-cervical
angulations (NSL.VER, NSL.OPT, and NSL.CVT) [21]. The results showed that angles
SNA, SNB, and SNPog showed negative and statistically significant correlations with
NSL to OPT angle (the posterior tangent to the odontoid process through CV2IP) and
NSL to CVT (the posterior tangent to the odontoid process through CV4IP), whereas no
statistically significant correlations were found between these variables and the
inclination of the cervical column relative to HOR. From this result, we can conclude that
individuals with more forward inclined cervical vertebrae (this will result as high
vertebrae angles relative to NSL and HOR lines) tend to have smaller SNA, SNB, SNPg
angles. This result contradicts the results of the current study. Another finding of this
study is that no statistical correlation was found with cervical vertebrae inclination and
intermaxillary relation. Similar to this result, no association was found with ANB and
Wits measurements in the current study. Nik et al. examined the relationship between
cervical vertebrae and sagittal relationships of the jaws [2]. The mean age of the
samples was 13.49. Their results showed that there was a significant correlation
between OPT/HOR and parameters ANB and Wits in Cl II patients.
FHMPA and SN-GoGn parameters provide information about mandibular
rotation. In overall sample analysis, only C3-C4 posterior inclination angle showed
significant positive correlation with FHMP parameters which give information about
mandibular growth rotation. In the Springate study, serial lateral cephalograms of 59
children were examined [16]. Images were superimposed and mandibular growth
rotation was assessed as described by Björk and Skieller (1983). Significant positive
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correlation was found between cranio-cervical posture (NSL.OPT) and mandibular
growth rotation. In both the Solow and Siersbæk-Nielsen (1986) and Springate (2011)
studies, zero mean change was observed in cranio-cervical angle with an average 2° of
forward mandibular rotation [15,16].
5.6. Correlation in Female vs Male
In this study, the C2-C4 central inclination angle for female patients was
observed to be significantly correlated with the SNA, SNB and U1-SN parameters. The
C2-C3 posterior inclination angle for female patients was strongly correlated only with
the SNA. The C3-C4 posterior inclination angle was found to be positively correlated
with FHMPA and U1-SN but negatively correlated with the interincisal angle. In the male
group, no statistically significant correlation was observed between the cervical vertebral
angles and craniofacial measurements at the 0.05 level. The reason for non-significant
results in the male group may be related to a smaller sample size compared to the
female group.
In the Alkofide and Alnamankani study, the authors reported that significant
correlation between overbite and gender related to cranio-cervical angles NSL/CVT,
NL/CVT, NL/CVT and all cervico-horizontal angles (OPT/HOR, CVT/HOR) The effect of
gender on overbite was seen in cranio-cervical angle (NSL/OPT) [25]. In the current
study, no significant correlation was present in either of the gender groups. In the study
done by Solow et al. in 1977, lateral cephalograms of 120 Danish male students aged
between 22-30 years were traced [6]. Cervical vertebrae inclination was measured via
intersection of OPT line (the posterior tangent to the odontoid process through CV2IP)
with CVT (the posterior tangent to the odontoid process through CV4IP) and NSL
(Nasion-Sella line). Positive correlation was found between cranio-cervical angle and
facial height and lower occlusal plane inclination. Negative correlation was noted with
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maxillary and mandibular prognathism. In this study no statistically significant correlation
with dentofacial parameters was found in the male group. However, in the female group,
positive significant correlation was found between C2-C4 central inclination and
maxillary and mandibular prognathism, between C2-C3 posterior inclination with
maxillary prognathism according to SNA and SNB parameters. Significant positive
correlation was found in between C3-C4 posterior inclination with mandibular plane
angle.
In a previous study, cervical vertebrae inclination of 8020 elder Japanese
individuals were compared with younger 40 Japanese individuals [45]. Cervical
vertebrae alignment was examined between C2 and C6 via lateral cephalograms.
Greater tendency of lordosis was observed in the elder group as compared to the
younger group. Female individuals were found to have strong cervical lordosis compared
to the male individuals in the elder group. In the current study, negative correlation was
found between C3-C4 posterior inclination angle of Caucasian individuals and age,
showing that more forward inclination of C3-C4 was observed in younger Caucasians.

CHAPTER 6-CONCLUSION
It is not surprising that cervical vertebrae inclination has an effect on dentofacial
structures due to its adjacent anatomical position. The correlation is present between
skeletal and dental measurements all along C2-C4 inclination or with some part of it. The
relationship can be masked if there is attempt to standardize the head position while
taking lateral cephalograms. Patients should be allowed to find their NHP (Natural Head
Position) for more accurate results. Clinicians should consider the effect of cervical
vertebrae inclination on the dentofacial measurements when interpreting the numbers in
cephalometric analysis .The results of this study showed that females with straight to
forward inclined cervical vertebrae tend to have higher SNA, SNB, U1-SN, U1-FH and
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FHMPA values. Caucasians with straight to forward inclined cervical vertebrae tend to
have higher SNA and SNB values.
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